The purpose of this case-control study was to investigate the effect of lymphovascular space invasion on recurrence patterns and survival in patients with stage IIIC endometrioid type endometrial cancer.
Introduction
Lymph node (LN) metastasis is one of the most important prognostic factors for endometrial cancer (EC) (1) . In 2009, the International Federation of Gynecology and Obstetrics (FIGO) classified stage IIIC EC as substages IIIC1 and IIIC2 according to pelvic and para-aortic LN involvement, respectively (2) . Prognostic factors such as cervical stromal involvement, depth of myometrial invasion, vaginal involvement, uterine serosal involvement and adnexal metastasis do not alter FIGO stage when the patient has nodal metastasis (2) . Although lymphovascular space invasion (LVSI) is not included in the FIGO staging classification for EC, several studies revealed LVSI as a prognostic factor for nodal metastasis and poor survival (3) (4) (5) . However, studies on the effect of LVSI on survival outcomes in FIGO stage IIIC EC have conflicting results. Most of the studies have included non-endometrioid EC and carcinosarcomas along with the endometrioid EC patients, and they show heterogeneity in terms of adjuvant therapy (4, (6) (7) (8) .
There is solid evidence in the literature about the prognostic significance of LVSI on survival and recurrence patterns in early stage EC (9) (10) (11) . However, there are limited data about the prognostic significance of LVSI in advanced stage disease because of the heterogeneity of patients in advanced stages particularly in regards to adjuvant therapy, which varies across the institutions (4, 12, 13) . In this case-control study, we aimed to investigate the effect of LVSI on survival and recurrence patterns in patients with stage IIIC endometrioid type EC diagnosed by complete surgical staging including systematic pelvic and paraaortic lymphadenectomy.
Material and Method
Between November 1998 and November 2016, a multicenter retrospective analysis of patients with surgically staged EC at five gynecologic oncology institutions from Turkey was carried out, following the approval of the Local Institutional Review Boards (Approval number: 28/12/2017-6). All patients provided an informed consent for the surgical procedure and allowed the use of their medical information for research purposes at the time of admission and study was conducted in accordance with the Declaration of Helsinki.
We performed a retrospective database search from our prospectively maintained electronic database to find out patients diagnosed as stage IIIC Endometrioid type EC with LVSI negative. The case group consisted of 41 patients who had FIGO stage IIIC LVSI-negative endometrioid type EC according to the final pathology reports. For each patient with LVSI-negative endometrioid type EC, two women with FIGO stage IIIC LVSI-positive endometrioid type EC were selected from the same database for comparison. Cases and controls were matched in terms of age at diagnosis (+/-10 years), grade of tumor (grade 1,2, or 3), sub-stage (IIIC1, IIIC2), adjuvant treatment and depth of myometrial invasion (<1/2 vs. ≥1/2). Patients with non-endometrioid or mixed histologic types, women with inadequate lymphadenectomy, those with incomplete medical records and women with synchronous malignancies were excluded from the study. Data regarding patient medical histories, surgical staging and tumor pathology were gathered from the databases of the five institutions.
All patients underwent surgical staging with total hysterectomy ± bilateral salpingo-oophorectomy, pelvic and paraaortic lymphadenectomy, infracolic omentectomy and peritoneal washings by gynecologic oncologists. Lymph node dissection was performed as previously described (14) . Adequate pelvic and para-aortic lymphadenectomy have been defined as removal of at least 10 pelvic lymph nodes (LNs) and at least 5 para-aortic LNs (15) (16) (17) .
Gynecologic pathologists examined and interpreted all surgical specimens but pathology reports were not reviewed centrally. On hematoxylin-eosin (H&E) stained sections, the presence of LVSI was considered positive when tumor emboli were noted within a space clearly defined by endothelial cells (5) . Architectural grading was defined by standard FIGO criteria (18) . The histologic classification was performed according to the World Health Organization (WHO) classification (19) . All tumors were staged using the 2009 FIGO staging system (2) . In patients treated before 2009, the stage was determined retrospectively on the basis of surgical and pathologic assessment.
The treatment policies were decided by the attending physician or by the multidisciplinary tumor board at each participating institution. Adjuvant therapy was administered to all patients. Patients usually received chemoradiation with or without para-aortic irradiation and with or without brachytherapy.
Postoperative cancer surveillance included follow-up visits quarterly for the first 2 years, and biannually thereafter. The visits included a gynecologic medical history and a gynecologic examination that was further supplemented with biopsies in case of suspicious findings and imaging studies in case of suspicion of distant metastases. All women included in the study were followed until death or to the end of the study period (31 st December 2016). The survival status of the patients was determined as alive or dead at the time of the last followup. For all study subjects with a recorded death, this was confirmed by performing a social security death index search.
Recurrence was defined as documentation of metastasis with physical examination and/or imaging techniques after a progression free survival (PFS) ≥3 months. PFS was defined as the time from surgery to the first identification of recurrence or progression, or death from any cause, whichever occurred first, or the date of the last contact for patients remaining alive without recurrent disease. Overall survival (OS) was calculated as the time period between initial surgery to the date of death or the last contact. Surviving patients were censored at their last known follow-up.
Survival analysis was based on the Kaplan-Meier method, and the results were compared using a log-rank test. The chisquare test and Student's t-test for unpaired data were used for statistical analysis. Cox regression analysis was used to determine factors affecting survival, presented as hazard ratios (HRs) and 95% confidence interval (CI), unadjusted or ad-justed for all factors. All variables with a p value <0.05 in the univariate analysis were included in the multivariate analysis. All statistical analyses were performed with the SPSS software version 23.0 (SPSS, Inc., Chicago, IL). A p value <0.05 was considered to indicate statistical significance.
Results
Forty-one patients, who were identified with a postoperative pathology proven the diagnosis of stage IIIC LVSI-negative endometrioid type EC at participating institutions, were eligible for the study group. In order to match for comparison, 82 patients with LVSI-positive stage IIIC EC were also selected from the same institutions' databases using a dependent random sampling method.
Demographic and clinicopathologic characteristics of the study population are shown in table 1. Age, menopausal status, primary tumor diameter, positivity of peritoneal cytology, adnexal and cervical involvement were similar between the cases and controls. The median age of patients in the LVSI negative group was 58 years (range; 40-75 years); whereas it was 58.5 years (range; 30-82 years) in the LVSI-positive group (p=0.77). Median follow-up time for the LVSI-negative group was 46 months (range; 5-228) and it was 35 months (range; 8-174) for the LVSI-positive group (p=0.12). The 5-year PFS rates were comparable between the LVSI-negative and LVSI-positive groups (74.7% vs 67.8% respectively; p=0.15) (Figure 1) . The 5-year OS rates were 94.4% in the LVSI-negative group and 77.2% in the LVSI-positive group (p=0.058) (Figure 2) . During the follow-up period, 19 patients died (3/41 and 16/82 patients in the LVSI negative and positive groups, respectively). There was a trend towards statistical significance in terms of 5-year OS rates between the LVSI-negative and LVSI-positive groups.
Of 123 patients in the entire cohort, 27 (21.9%) had recurrence during the study period. Recurrence rates were 17% (7/41) and 24.4% (20/82) in LVSI-negative and LVSI-positive groups, respectively (p=0.48). There were 2 (4.9%) cases of loco-regional and 5 (12.2%) cases of distant recurrences and no retroperitoneal recurrences was observed in the LVSI-negative group. However, in the LVSI-positive group there were 6 (7.3%) loco-regional, 9 (10.9%) distant and 5 (6.1%) retroperitoneal failures. There were 5 cases of retroperitoneal recurrences in the LVSI-positive group and no retroperitoneal recurrences in the LVSI-negative group.
For the entire cohort, univariate analysis revealed only age (≥58 vs <58 years) (p=0.002) as a significant factor for decreased PFS. In multivariate analysis, advanced age (�58 years) (HR 3.52; 95% CI: 1.51-8.21, p=0.004) remained as the only independent risk factor for decreased PFS.
For the entire cohort, univariate analysis revealed age (≥58 vs <58 years) (p=0.004), grade (grade 3 vs 1-2) (p=0.003) and cervical involvement (p=0.02) as significant factors for decreased OS. Multivariate analysis demonstrated advanced age (≥58 years) (HR 3.73; 95% CI: 1.19-11.69, p=0.02), grade 3 tumor (HR 2.57; 95% CI: 1.002-6.62, p=0.04) and presence of cervical involvement (HR 2.62; 95% CI: 1.03-6.67, p= 0.04) as independent predictors of decreased OS (Table 2) . Additionally, there was a trend towards statistical significance between the presence of LVSI and OS in regression analysis (HR 3.10; 95% CI 0.90-10.67, p=0.05) ( Table 2 ).
Discussion
In this multicenter case-control study, we found that there was a trend towards statistical significance in terms of OS rates between LVSI-negative and LVSI-positive patients in stage IIIC endometrioid EC (94.4% vs 77.2%, p=0.058). A total of 27 (21.9%) patients relapsed during the follow-up period. Recurrence rates were 17.0% (7/41) and 24.4% (20/82) in the LVSI-negative and LVSI-positive groups, respectively (p=0.48). There were 5 cases of retroperitoneal recurrences in the LVSI-positive group whereas no retroperitoneal recurrence was observed among LVSI-negative patients.
Patients in FIGO stage IIIC are heterogeneous in regards to the level of nodal involvement as well as extra-nodal involvement such as cervical stromal involvement, adnexal metastasis, uterine serosal involvement, vaginal involvement and adjuvant therapy. The 5-year OS rate and 5-year disease free survival (DFS) rate were reported with a wide range between 60% to 84% and 34% to 81%, respectively in the literature (20) (21) (22) (23) . In terms of OS rate comparing to the previous studies, the 5-year OS rate was found to be better in the LVSInegative patients (94.4%) in the current study. The worse survivals of patients in various previous studies might be explained by the inclusion of non-endometrioid tumors in these studies (20) (21) (22) (23) . (24) investigated the prognostic significance of LVSI in a retrospective cohort of intermediate and high-risk EC patients. Sixty-five of the patients had nodal involvement with endometrioid histology; 56 of them had LVSI positive tumors, while only the remaining 9 patients had LVSI negative tumors. The recurrence rate was 35.7% in LVSI-positive and 11.1% in LVSI-negative patients among all node positive patients. The corresponding figures in the current study were 24.4% (20/82) in the LVSI-negative group and 17.0% (7/41) in the LVSI-positive group. However, Jorge et al. (25) found that LVSI remained associated with survival in node negative patients (HR 2.06, 95% CI 1.65-2.58), but it was not associated with survival in women who already had nodal metastasis (HR 1.19; 95% CI, 0.70-2.00). In our cohort, although there was a trend towards statistical significance between the presence of LVSI and OS (HR 3.10; 95% CI 0.90-10.67, p=0.05), this finding was not statistically significant.
Polterauer et al. (8) evaluated clinicopathologic parameters of 216 patients with stage IIIC endometrioid and non-endometrioid EC. In their cohort, LVSI was evident in 69.9% of the patients. Univariate analysis showed that LVSI had negative effect on survival, however multivariate analysis did not reveal this effect. In a retrospective study evaluating prognostic factors in FIGO stage IIIC endometrial cancer by Hoesktra et al. (13) , age, myometrial invasion and non-endometrioid histology were associated with survival, but LVSI was not. However, in this study, 51.8% of patients had non-endometrioid histology, whereas LVSI was positive in 67.9% of the patients. In the current study, advanced age (≥58 years) (HR had LNs as the only site of extra-uterine disease and 24 had also positive peritoneal cytology, uterine serosal, adnexal or vaginal involvement in addition to nodal involvement. Patients with nodal involvement only, had higher rates of LVSI positivity compared to the patients with both nodal and extra-nodal involvement (83% and 59% respectively). In their cohort, LN recurrence rates were higher compared to our patients [14/46 (30%) and 5/123(5%), respectively]. All the patients with LN recurrences had positive LVSI status in our study but Mariani et al. (26) presented no data about LVSI status of the patients with LN recurrences in their study. They showed that LVSI-positive patients had worse cause specific survival (CSS) and recurrence free survival when compared to LVSI-negative patients (52% vs 75%, p=0.04; 41% vs 75%, p=0.03) in their study (26) . In the current study, we found that LVSI-positive patients had lower 5-year OS rates when compared to LVSI-negative patients (94.4% vs 77.2%, p=0.058), however this finding was not statistically significant. This might be due to the limited number of patients in both groups.
In a multicenter study in 2015, 407 patients with stage IIIC endometrioid-type EC were analyzed. The predictors of DFS were parametrial invasion (HR 3.49; 95% CI 1.83-6.64, p<0.001), higher grade (HR 2.78; 95% CI 1.31-5.89, p=0.008) and >3 positive pelvic nodes (HR 1.84; 95% CI 1.11-3.05, p=0.019). Predictors of OS were parametrial invasion (HR 4.43; 95% CI, 2.01-9.76, p<0.001), older age (HR 3.82; 95% CI, 1.93-7.56; p<0.001) and >3 positive pelvic nodes (HR 2.62; 95% CI 1.35-5.06; p=0.004) but LVSI had no effect on 5 year-DFS (p=0.38) and 5 year-OS (p=0.55). (12) . In the current study, for the entire cohort, advanced age (≥58 years) (HR 3.73; 95% CI, 1.19-11.69, p=0.02), grade 3 tumors (HR 2.57; 95% CI, 1.002-6.62, p=0.04) and presence of cervical involvement (HR 2.62; 95% CI, 1.03-6.67, p= 0.04) were found as independent predictors of decreased OS.
The major limitation of our study is its retrospective design. Lack of central pathology review might be the second drawback of the current study. Some previous studies provided central pathology confirmation of the specimens, but the retrospective multicenter design of our study made it impossible for us to obtain paraffin embedded specimens of all patients. Although the present study is multicentric, the number of patients in the case group was relatively low due to low incidence of LVSI-negative stage IIIC endometrioid EC patients.
The major strength of the current study is its design. We designed it as a case-control study in order to eliminate confounding factors for survival by matching the age, stage, grade, myometrial invasion and adjuvant therapy and addressing the LVSI status as the main variable. To the best of our knowledge, the current study is the first case-control study evaluating the effect of LVSI on survival in stage IIIC endometrioid EC.
In conclusion, in the current study, we found that patients with stage IIIC endometrioid EC with positive LVSI status had worse survival, but this finding was not statistically significant. We also found nodal recurrence rate was higher in patients with LVSI. In the light of our findings, LVSI status seems to be of borderline significance for OS in stage IIIC endometrioid EC and impacts recurrence patterns as retroperitoneal recurrences are strongly related to positive LVSI status.
